The damage process in CFRP cross ply laminates 
INTRODUCTION
For fiber reinforced polymers, the applications in the aerospace field are the most valuable ones among various engineering applications. In a practical aerospace environment, composite materials often encounter a wide variety of impact loads. The reason why the impact loading is worthy of note is that the laminated fiber reinforced composites are especially sensitive to out-of-plane loading, because they have inferior strength in the thickness direction compared with that along the plane of lamina. Moreover, paying attention to the response to impulsive loading in such a composite, the behaviour is extremely complicated, and there exist many unknown factors. Accordingly, an accurate modeling to impact loading is necessary for a reliable assessment of structural designs using composite materials.
The damage mechanism in composite materials subjected to low velocity impact loads was discussed by 
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specimen was placed between thin sillicone sheets, and fixed between the support plate and the clamp plate.
RESULTS AND DISCUSSION

Observations
While composite laminates subjected to a lateral impact load show no visible damage, they should already have some internal damage, i.e., a delamination and matrix cracks. However, in the present study, matrix cracks along the fiber direction were observed on an opposite surface of the point where impact load was applied. Figure 2 shows the relationships between crack length and drop height for the three types of support plate and load by 41 Og impacter. As shown in Fig. 2 , the crack length increases with increasing the drop height.
The crack length of specimens fixed by type-B and C indicates more significant dependence on the drop height than type-Α. Some of crack lengths are longer than the hole diameter of support plate.
Non Destructive Estimation (NDE)
The most popular NDE method for the impact damage of composite laminates is the ultrasonic technique /12,13/. This technique is especially suitable for examining a delamination in composite materials.
Also in this study, the specimens after impact were examined by using scanning ultrasonic microscope. The focal probes with a frequency of 30MHz and an ultrasonic system OLYMPUS UH-pulse-100 were used.
The scanning images taken by photographs were converted to binary images using image processing.
Subsequently, the shapes of each delamination were observed and an area of them was measured. degrees to the impact direction are also found in Fig. 7 .
The upper delamination cannot be observed clearly in the figure, suggesting that the observed cross section did not cross the upper delamination. These damages are illustrated schematically in Fig. 8 . In this figure, each layer was referred to as top-layer, middle-layer and bottom-layer, respectively. Delamination in the lower and upper side emanated along the fiber direction of bottom-layer and middle-layer, respectively. Therefore, it was suggested that those damages shown in Fig. 8 were generated from the bottom to the top layer.
Fig. 8: Lateral impact damages in CFRP laminate
causes a lower side delamination due to the stress concentration and the tensile stress normal to the laminar. After that, two or more matrix cracks are generated by tensile stress superposed on shear stress (Fig. 9(c) ), and these cracks propagate in the direction of impact point. Finally, these matrix cracks reach the upper interlaminar plane, and bring about the upper side delamination under the impacted point ( Fig. 9(d) ).
Fig. 9: Impact damage development process
PROCEDURES OF COMPUTER SIMULATION
Damage Process
In order to develop a damage model based on these results, the process of impact damage as shown in Fig. 9 is assumed. From the figure, a matrix crack initiates at first in the bottom layer ( Fig. 9(a) ), and this crack
Modeling of Damage Process
On the basis of the process mentioned above, a stochastic model of the damage process was developed.
In order to describe the complicated damage patterns, a stochastic procedure has been employed /6-11,14,15/. Sn is generated randomly, P d n can be referred to the damage occurrence probability. For example, if Pjn of a damage element is 0.3, then the probability of damage generation in the element is 0.3. In order to apply this scheme to damage development in composite laminates, it must be supposed that the critical value is affected by the damage condition of the adjacent elements, fiber orientations and boundary conditions.
Results of Simulation
The above simulation was applied to the damage process in the case of 410g impact mass and 1.0m drop height. The flow chart of this simulation is shown in Fig. 11 . The model of specimen was divided into 33*33 elements for the laminated plane with a thickness of 4
plies. At first, it was specified uniform value to the critical value as a probability of the damage generation.
Once the damage is generated, the successive damage would propagate more easily than the generation. Then, in the damage propagation process, the critical level 
where Pj and Pj' are the damage probability at before and after this operation respectively, a J) is related to the influence factor, and i denotes the damage type.
In the present simulation, the damage generation level is very small in comparison with the propagation [^i Generated damage pgjli Damage elements affected ' by generated damage I I Damage elements 
